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REPORT NO. 154.

A STUDY OF TAKING OFF AND LANDING AN AIRPLANE.
By T.C-OLL.

SUMMARY.

This report co~ers the results of an investigation carried on at the limgley ?JernorialAero-
nautical Laboratory of the National Advisory Committee for Aeronautics for the purpose of
discussing the wmious methods of tiecting the take-off and the hiding of an airplane, and to
make a direct analysis of the control movements, the accelerations, and air speeds during these
maneuvers. The record@ instruments developed at the laboratory were used in this test and
the records obtained by them were made the basis for a comparative study of the two extreme
methods of taking off (the tail-high and the taiI-low methods) and of wrious types of h-mdings.
It is beIieved that this is the tit time that an accurate record has been obtained of the mow-
ments of the contro~ during these important maneuwrs, and the records are of further inte.resj
from the fact that they were taken synchronously with records of the air speed and acceleration.

The records themselves should be of considerable -due to a student pilot in enabling him
to visualize the movements of the controls and the consequent eilect upon the air speed and
acceleration. This opens a -rery important field for research in the study of the technique of
piIoting, either of student pilots or for the “refresher” courses or other checking up of pilots in
general. With ‘these instruments it will be possible to obtain records of the msaeu~ering of
any pilot in practicfly my type of airplane, and from the records so obtained any fault 01
roughness can be inunediately noted. This can be done not only in the maneuvers of taking ofl
or landing but in any sort of straight flight or “stunt@U.”

INTRODUCITON.

The whole of the art of flying maybe divided into three ~ery distinct ph=es, each entirely
different from either of the remaining two-namely, taking off, tlight proper, and landing. Of
the second phase, comprising, as it does, flying itself, this mticle is not concerned; it is the fit
and third that me to be considered.

- Taking off and landing, the beginning and the end of a flight, while truly not Qmht at aU,
are the pivotal parts in the education of a student piIot and are the determinhg factors in the
proficiency, even perhaps in the longetity, of the lach~d pilot. Of the two, Ianding is perhaps
the more importmt, for it is to this phase of flying that the major amount of accident and dam-
age have accrued. Hence, even to the pilot of ~ery long standing the study of the intricacies
of taking off and landing and the methods of perfection therein is not inept.

But very little attention has been accorded these -wry important maneuvers by technical
writers, and with a single exception no information of a thorough and serious nature is avail-
able. This exception is the paper of Squadron Leader R. M. HiU, M. C., A. F. C., ” The Mmeu-
vers of Getting Off and Landing.” This paper, originaUy read before the Royal Aeronautical
Society of Great Britain by the author, has appesxed serially in the American technical press
(Aerial Age). Major Hill has treated the subject with exceptional thoroughness and detail, and
his discussion is pmticukmly of interest, as he is one of the fiest service pilots in England and
has a brilliant war record. The present work was undertaken at N. A. C. A. laborato~ as
an extension of Major Hill’s text, and particularly to place the data obtained by recording
instruments beside it.

Taking off, while not generaUy thought of as requirii the amount of skill of a landing, is
in many re9pects not unlike that maneuver. Both are translational periods passing through
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the strolledflight condition. Thus the hazard in either of the maneuvem is almost invariably
due to improper tempo in the placing of the stalled period. A stall, it will be understood, is

.

that period in the fight of an airplane when through any of several causes the air speed of
the airplane in the direetion of the longitudinal axis is below the speed which will enable the
wings to bear it in level flight. However, from a purely teehnical viewpoint, the absolut~
stalling point would be more correctly considered to be slightly beyond this-that is, at tho
point where the airplane passes from the control of the pilot due to this 10SSof speed.

As it will also be recognized, there are two agencies which will tend to maintain an airplano
in stable fl.igh+firsfly, the power transmitted through its engino and propeller, and, secondly,
by taking advantage of the forces of gravitation. It will be likewise seen that there are a
number of causes which can effect a stall: A sudden diminution of engine power when the
air speed is near the stalling point; a sudden increase in the angle of attack under like con-
ditions; or any turning of the flight path (except@, of course, in the direction of the forces of
gravitation) when at a large angle of attack. In short, any change of the flight path which
overtaxes the agencies providing the support and control of the airplane will cause them to
cease to function as ,such. Hence, it is of paramount importance to remember that in the
maneuver of taking off or of landing all of the eventualities of stalled flight must he at least
contemplated, whether actually encountered or not. That different types of airpltinesbehave
“differently under stalled conditions while true till not be considered here; but thut ncarly all “
airplanes when sttilledwill lose their stable flying qualities and their controllability is axiomatic.

I&RuMENTs AND msTA.LLATION.

At the Langley Field hiboratory of the National Advisory Committee for Aeronautics
records hfive been taken with the recording instruments developed there which bring out very
distinctly the rapidly changing conditions of speed, Ioad, etc.,” and the movements of control

Angular vdocify ‘Jpp::>d6-n/i+w
recorder (no fused)

Instrument inetdhtkm.

surfaces which procluce these phenomena.
These instruments were the recording air speed
meter,l the accelerometer,’ and the control
position re.corder,s

The illustration of the installation of the
instruments in the airplane used, a Curtiss
JN4h, Wright .Model E 180 H.P. motor, is
neither exact nor complete, as one instrument
shown in the illustration was not used, while
one other instrument, very similar in its exter-
nal characteristics, was used; but was so
placed on the floor of the forward cockpit as
to be difficult to photograph. It serves, how-
ever, to illustrate the appearance of tho instru-
ments used and the installation thereof.

The illustration of the actual records ob-
taified show the film as taken from the instru-
ment from which the repotting is made. The

. retracings of these records, herein reproduced, are corrected from the calibration of the instru-
ments and the precision is + 2 m. p. h. in the air speed, +0.2 g. in the acceleration, and + 10
in the control angles. AIl the records were carefully synchronized by an electric chronometer,
which marked all the records simultaneously every 3 seconds.

TAKE-OFF.

There are two methods in which a take-off maybe consummated-namely, by the so-called
tail-high method and the tail-low method. A tendency toward one or the other of these
extremes is often advocated, and it is of course true that for differently proportioned airplanes
quite d.iilerentprocedure in the manner of taking off is necessary. To those pilots who have
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given the matter more than casual attention it -willbe patent that the ideal
tions is a -r- ideal, and is somewhere between the two extreme methods.
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for wirying condi-

C.onditio& = to t’errain, wind, etc., being normally good—that is, from an airdrome. as
distin=tished from an emergency take-off from a sndl, poorly surfaced field-a consideration
of the tail-high method can be taken to be=ti with
the airplane headed upwind, tith good surface and

.. .- ~

mflicient unobstructed runway and climb~~ spa e
directly ahead, and the motor running -mlI.

Thus with the @ht ready to begin the engine
is opened slowly to its best re-rolutions per minute,
and as the airphme begins to mo~e along the ground
the tafl is raisecl by pushing the stick forward, lowering the ele-iatol=. The airplane rolls
along the ~mound in an attitude tipproximating the fl-yingposition—i. e., -with the top longe-
ron nem[y paralIel to the ground. Then gradually as the speed increases it may be found

that the tail tends to rke too ~~h~ in which case a lesse~ff
Q
:;2 of the pressure forward on the stick, permitting that control
~ to approach the neutral position. will alleviate the condition.~-”>

5; At the same time Timing, due to directional insttibility and->
torque, is often encountered, necessitating considemble rudder7G.,L,=-~,<s Lading aT action to maintain the desired dirertion. Neglect+m for the
moment any unusual mo-rements brought about by outside

influences, as gustF mind or ro~oh gro~d, the W@S, ss the speed increases, are gradually pick-
ing up a load, culminating at the point in the speed rque where the wings are exactly able to
bear the total -weight of the airpkme and its load at that ~mle of attack. At this point the
vrheels are still touching the ground but supporting no meig~t, as it is
now borne by the wings. However, at this point the airplane does not
leave the ground. of itself. but at the next moment, as the speed con-
tinues to increase, the lift developed by the wings exceeds the totil
weight and the airplane, umissisted by the pilot, lifts itself into the air.
It will then continue to collect smeed.and as the best climbirw sDeed is

L ,- .=,

attained the pilot may then essay whate~er maneuvers he may desire with the assurance that
his airplane is -welIwithin the limit of safety in regard to stalling.

,1- n

Time inseconds —.

~G. l. —TniI-l!.f@“take-ofl.”

~ the other m&er of taking off, with the tail
well down, the airplane is started rolling along the
ground as before, but as soon L=the tail starts to
rise it is arrested, and, on the theory that the ma-
chine rests upon the ground at the ar@e which
gi-res to its w@s the &mhest lift, the tail is held
only a very smalI space from the ground, and by
means of the ele-rater the airplane is literally lifted
from the ground at the earliest moment.

In figure 1 a composite record of the readings
from the instruments mentioned above is gi-ren,
representing the control positions, the air speed,
and the vertical acceleration (or loading) on an
airplane during a taiI-high take off. It will be
obser-red that the beginning of the record shows the
speed as 22 m. p. h., -which,as the ~elocity of the
wind at that moment was in the -i-icinityof 16 m.
p. h., represents a mound s~eed of about 6 m. D. h..

—.

——

the recordhg instruments being switched on-soon ti-ter the ma~hine st~ted to move ov& th~
ground. It is also obsemed that the elevator was depressed to 14°, -rery near its maximum,
that it was let up only a few degrees until the point at which the airplane left the ground,
and that at no time during the record the elevator w= in or above the neutral position. The
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air-speed curve is very regular up to 60 m. p. h., the airplane leaving the ground at 55 m. p. h.
in 6* seconds after the beghming of the record.

In figure 2 with the same machine and equipment and under the same conditions a tail-low
take-off was made. The airplane left the ground in 6 seconds at 40 m. p. h. It will be noted
that the elevator was in relatively the same.postition at the start but that the stick was pulled
back very early and that at the point that the take-off was effected the elevators were above
neutral and continued so till the plane was well c~earof the ground.

By a comparison of the two figures several marked differences are fdund. In the ah--speed
curve the tail-high record is very smooth and quickly reaches a safe speed (60 m. p. h.) in 10 sec-
onds. In the tail-low record the speed curve is ffatter and very irregular, each depression in
the curve representing a tendency to lose speed—hence, stall—and that the speed of 60 m. p. h.
was not attained until 17 seconds. In the rudder and aiIeron controls the action during the
tail-high take-off was much smoother while moving along the ground, and much smoother in
the air, indicating that in the tail-low take-off it was necessary to fight for good control against

the tendency to stall mentioned in connection
%ith tle air~speedctie. The vertical accelera-
tion is smoother and of considerably less mag-
uitude in the tail-high record, and when it is
considered that this represents, up to the take-off
point, the shock which must be absorbed by the
landing chassis and shock absorbers, it is of imp-
ortance to keep the acceleration low and smooth.

The conclusion .jherefore must be reached
that the tail-high take-off is the better wherever
it is possible to use it. However, there are, of
course, conditions, as of very bumpy ground,
When it may be more advantageous to use the
other method and permit the airplane to be
bumped into the air and to stagger off in that
manner, hopi~~ to get the nose down and pick
up speed just above the ground in the manner of
a tail-high take-off. At any rate, it is believed

that the manner of take-off should approach the high-t&l marmer as closely as practicable under
all conditions, even in the forced maneuver of taking off from small fields and over obstructions,
with the alternative of zooming the obstructions rather than crossing them in more nearly
reguhmflight but in the vicinity of questionable control.

LANDING.

In landing the same conditions are to be encountered as in taking off, but in the reverse
order. As in the take-off, we have again the question of passing gracefully through the point
of stalling. As a matter of fact, a landing is essentially a stall executed as close to the ground
as possible. Unfortunately, for thii discussion, the purely mechanical movements of the
control system as recorded by the instruments above mentioned and the consequent variations
in speed and loading also recorded are of minor irpport compared to the judgment and coordina-
tion of the pilot in regard to the manner of approach, selection of landing ground with regard to
the direction of the wind, and the terrain.

While in practice there is but one accepted m&ner of landing an airplane-i. e., on three
points (the wheel landing being no longer considered good practice) -there is at least a theo-
retical possibility of making a three-point landing in two ways: First, from a fast glide, by leveling
off as close to the ground as is possible and permitting the airplane to lose its speed gradually
while held in relatively horizontal flight. In so doing it will be found that a gradual easing back
of the stick has unconsciously occurred, so that at the moment the flight speed has diminished
to the stalling point the stick is pulIed back to its farthest point and hence the tail is well down.

.—
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And in the second manner, to glide in at u speed as dose as possib~eto the stalling point and when
at the desired height from the ground quickly to pull back the stick, so pulhg the t.~ down very
quickIy end thus attaining thb desired stall with a certain suddenness.

.

Disregarding entirdy the matter of approach, either of the two means of effecting a Ianding
would be well enough, provid@ that such proficiency in executing the second method is ac-
quired, that the awrage quality of the laigdings so made -would be reasonably high. But it is

< WkdvAOci a; gr&md /6MPH~ -““<

‘o 2468 iO 121416
a“: 5

?lme m s-ccc+-ds
*C

m. 3.—’rhmpc&t&t Isncllng. Fm. L—Three-point landing.

quite evident that the nicety of judgment required for the habitual use of such a method would
only be reached after a very considerable amount of practice, and in taking this practice serious
difficulties may be encountered, particularly in ptwsing through the eddies and unevenness of
the air around hangars and other obstructio~ at the edge of the airdrome. In general, there-
fore, it would seem to be better to use the first method entirdy for landing in an airdrome,

.& 1 &-n&fw/fh& I .IJ ~

K :s
o 2 4 6 8 10 12 14 16 M 20 2&~

7ZZeh seconds

Fm. 6 J1’he&pofnt Ifulaog.

leaving the-other metho~ for use solely ~
the exigency of a forced landing on poorer
ground.

The figures 3, 4, and 5 are reproduc-
tion of curves taken from records from the
same inetrumenti md” in the same man-
ner a,sthose regarding take-offs, and rep-
resent three landingg, each a fairly good
three-point kind@ on relatively good
ground. It is particukdy interesting to
note the smooth deceleration in the air-
speed curve and the fact that in each
case the first contact with the ground
was made at exactly 44 m. p. h This
represents quite conclusively that this is
the normal st~u speed, hence landing
speed, of the airplane, the hutdinga beii
made at hum throttle and entimlv

——

by the first method above outlined. Examination of t-hecurve of the elevator control ~mie
clearly indicates that. the stick was very gradually pulled back beginning in an ordinarily fsst
glide, and just before leding out, at a speed of about 80 m.p.h. in each case. Furthermore,
it wiU be noted that this gradual pulling back brought the stick well back at the iustant the
airplane came in contact with the ground. Irregularity intheae elevator curves can be attrib-
uted to two causes. The smaller irregularities of @es 3 and 4 are more probably due to
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backlash in the control cables, while the larger ones in figure 5 are due to overcontrol. This is
borne out by an examinatioti of the acceleration curve during the interval just before the
landing point, the larger fluctuation in figure 5 in combination with the very irregular elevator
curve showing that it was necessary to redress on five distinct occasions.

It is interesting to note in this respect the ,influence of pure good fortune in making a
landing, for while the curves in figures 3 and 4 represent much clefiner piloting technique than
in figure 5, nevertheless the acceleration curve after the landing point shows that the machino
made a much smoother contact with the ground in 5 than in either 3 or 4.

The rather violent movements in the rudder control as noted in the rudder curves of the
landing records represent the efforts by the pilot to frustrate any tendency to ground spin due

to directional instability. Also in record 3 the dropping
& of the elevator curve back to neutral is the machine moved ‘-
+ along the ground is the lessening of the stick pul~ to relieve
$ the pressure on the tail &id.
& Figure 6 is an interesting record of tho air speed and
o

n acceleration in a very bad landing. This was a purposely.-
“$ made “pancake” landing from about 6 feet-that is, to
c.. observers stationed on the airdrome it was estimated that

:&w .5 the airplane was about that distance from the ground when
k

*6O
“the bottom fell out.” It will be noted also that tho air

$~ speed at the instant the wheels struck the ground was only
~a ~ 38 m. p. h., or 6 miles slower than any other landing shown.
Q
Q ~ The student pilot is usually rather awestricken when anT20

t instructor mentions that the leveling out must be done
$0 * ‘within a foot or two of the ground. Perhaps this examplo

o / 2 34 567
Zm in seconds

of the co~equ~rices” “of ~eveling-off””at “thenot pti~ticuliiwly
exorbitant altitude of 6 feet will serve to clarify the neces-

FIo.6.-SIXfmt pan-cake IamUng. Brake shock
absorber.

sity for the instructor’s remark. Assuming that the air-
pkme, loaded, weighs in the neighborhood of 1 ton, it is

evident, as the acceleration curve exceeds 4.5 g., that the landing gear had to take an overload
of approximately 3* tons. So it is small wonder that shock-absorber elastics break, as they
did in this case.

CONCLUSIONS.

The results obtained in this investigation are of value in analyzing the behavior of the
airplane in landing and taking off, as well as recording the pilot’s style of handling the airplane.
It is recommended that more work of this kind be carried out by various pilots and on se~eral
types of airplane.in order to obtain information as h the properties of a machine which make
it easy to land, and the style used by the pilots who make the best landings. It would bo
desirable in further work to add to the three sets of records obtained here records of the inclina-
tion of the machine with a kymograph and the beigh$ abo~e the ground by means of a trailing
arm. ...
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